This paper investigates the mechanisms causing interannual variability of upper ocean heat content and sea surface temperature (SST) in the southwest Pacific. Using the ECCOv4 ocean reanalysis it is shown that airsea heat flux and ocean heat transport convergence due to ocean dynamics both contribute to the variability of upper ocean temperatures around New Zealand. The ocean dynamics responsible for the ocean heat transport convergence are investigated. It is shown that SSTs are significantly correlated with the arrival of barotropic Rossby waves estimated from the South Pacific wind stress over the latitudes of New Zealand. Both Argo observations and the ECCOv4 reanalysis show deep isotherms fluctuate coherently around the country. The authors suggest that the depth of the thermocline around New Zealand adjusts to changes in the South Pacific winds, modifies the vertical advection of heat into the upper ocean, and contributes to the interannual variability of SST in the region.
Introduction
Sea surface temperature (SST) plays a central role in weather and climate due to its influence on the transfer of heat and moisture between the ocean and the atmosphere. Determining what causes SST to vary is challenging because it is the result of many processes in both the atmosphere and the ocean [see Deser et al. (2010) for a review]. In the midlatitudes of the Southern Hemisphere, SST is often significantly correlated with El Niño-Southern Oscillation (ENSO) (Greig et al. 1988; Holbrook and Bindoff 1997; Fauchereau et al. 2003) , suggesting a connection to large-scale changes in the atmosphere in response to changes at the equatorial Pacific.
It is unclear what processes may be causing the correlation between SST and ENSO in the southwest Pacific. Several studies have investigated the communication of an ENSO signal by the atmosphere during summer when mixed layer depths are shallow and SST is more likely to reflect changes in air-sea exchange. Fauchereau et al. (2003) find that summer SST anomalies in the Tasman Sea are correlated with ENSO and are also correlated with SST in the South Atlantic and Indian Oceans. They suggest that the variations are caused by changes in the latent heat flux due to changes in the wind speed. Ciasto and England (2011) examine the upper-ocean heat balance in summer months from reanalysis products and show that SST anomalies in the southwest Pacific are not well described by air-sea heat exchange or advection of heat by Ekman transport. Their results suggest that other terms in the heat balance cannot be neglected, such as the horizontal transport of heat by ocean currents and the vertical movement of heat by advection and entrainment. Guan et al. (2014) find that variations in latent heat flux driven by the winds are largely responsible for large-scale variation of SST anomalies over the South Pacific; however, they suggest that local Ekman pumping may play a role in SST anomalies around New Zealand.
Changes in SST have also been linked to the horizontal transport of heat by ocean currents and to changes in midlatitude winds. Wu et al. (2012) link increasing SSTs in all three Southern Hemisphere subtropical western boundary currents, including the East Australian Current, to changes in wind stress curl over the ocean basins increasing transport or shifting the boundary currents. Hill et al. (2008) explain the trends and variations in temperature at Maria Island, Tasmania, as the result of changes in transport in the East Australian Current Extension in response to South Pacific winds. In the Subantarctic Front south of Tasmania, Rintoul and England (2002) find that meridional Ekman transport is instrumental in creating temperature anomalies. Ummenhofer and England (2007) find marked changes in the Ekman transport between different phases of the southern annular mode (SAM) and Southern Oscillation index (SOI) over the southwest Pacific, but they question whether the heat advection by the Ekman transport is of a sufficient magnitude to play a leading role and whether it has the correct phase to drive SST variations.
The relationship between SST and temperatures below the mixed layer has been investigated in several studies using the expendable bathythermograph (XBT) lines around New Zealand. Ciasto and Thompson (2009) estimate that about 20% of the interannual variability of SST in the southwest Pacific can be related to the ''reemergence'' of temperature anomalies from the previous winter mixed layer. Sprintall et al. (1995) use temperatures on the PX06, PX34, and PX30 XBT lines between Australia, New Zealand, and New Caledonia to show that a divergence of geostrophic velocities in the upper 800 m in the Tasman Sea occurred at the same time as anomalously cold SSTs and air temperatures in New Zealand in the early 1990s. They suggest that the exit of warm water from the region leaves cooler water beneath the mixed layer and ''preconditions'' the upper ocean to cooler temperatures. Sutton et al. (2005) show that temperatures from the surface to 800 m along the PX34 XBT line across the Tasman Sea vary together through the 1990s and early 2000s. They suggest that temperatures at all depths are responding to the same mechanism and note that local Ekman pumping is not able to explain the movement of the isotherms.
A number of studies have described the adjustment of subsurface temperatures and sea level in the region. Bowen et al. (2006) show the movement of the isotherms at depth along the XBT line north of New Zealand can largely be explained by wind-forced baroclinic Rossby waves. Sasaki et al. (2008) show that the propagation of coastal waves around New Zealand, excited by baroclinic Rossby waves arriving along the east coast, explains much of sea level variation in the Tasman Sea on the western side of New Zealand. They show that SST and sea surface height (SSH) vary together over a wide region of the South Pacific and suggest the correspondence may be due to Ekman pumping and wave propagation. Hill et al. (2011) investigate the adjustment of the South Pacific in a series of ocean general circulation model simulations. Their simulations show that barotropic Rossby waves, created by a change in wind stress over the South Pacific, propagate quickly across the Pacific to the eastern New Zealand coast and generate baroclinic coastal waves that propagate anticlockwise around New Zealand. On the western side of the country, baroclinic Rossby waves radiate from the coast and propagate across the Tasman Sea to Australia. These studies suggest that the thermocline around New Zealand responds coherently to changes in the wind stress curl across the South Pacific.
In summary, previous studies vary widely on what may be causing interannual variations of SST in the southwest Pacific. However, the correspondence between surface and subsurface ocean temperature suggests that heat exchange between the upper ocean and the deeper ocean deserves further investigation. In this study, we investigate the role of ocean dynamics in the upper-ocean heat balance, making use of long time series of surface ocean observations at the Leigh Marine Station in northern New Zealand and the subsurface temperature records along the XBT lines around the country (Fig. 1) . We first examine the interannual variability in sea surface temperature from the 49-yr record at Leigh. We show that this coastal temperature record is representative of a much wider area of the southwest Pacific. We compare the temperature record to estimates of air-sea heat flux and the arrival of Rossby waves at the New Zealand coast. We then examine the heat balance from observations and an ocean reanalysis. Finally, we discuss the contributions of different mechanisms to the interannual variability of sea surface temperature around New Zealand.
Methods

a. Observations
1) OCEAN AND AIR TEMPERATURES
Interannual variations of sea surface temperature in the southwest Pacific are examined using two different time series. The first is a record spanning the last 49 years collected at the Leigh Marine Laboratory in northern New Zealand (Fig. 1) . From 1967 to 2009, surface sea temperatures were measured at 9 a.m. daily using a bucket and a calibrated mercury thermometer (Evans and Atkins 2008) . Short gaps in this record comprise only 123 missing days in total or 0.8% of the total time. Since 2011, surface temperatures have been measured from a moored thermistor located 100 m from the original collection site. Monthly means were created from these time series using the bucket data and the 9 a.m. temperature reading from the moored thermistor. Two gaps in the time series, May-September 2011 and March-June 2013, were estimated using the relationship between the regression of the monthly values with monthly values at Leigh from the NOAA OISST product (Reynolds et al. 2002) at the nearest grid point 600 m to the west.
Sea surface temperatures from the NOAA OISST product were also used to look at variability in sea surface temperatures over the southwest Pacific from November 1981 to April 2016. SST anomalies were created by subtracting the monthly means over the entire record from each monthly value. The monthly anomalies were then low-pass filtered using a cosine window with a half-period of 13 months. Annually averaged anomalies were created from all the other datasets in an identical manner.
Two datasets were used to investigate subsurface ocean temperatures. Temperatures over the upper 2000 m were investigated using an optimal interpolation of Argo data, the Roemmich and Gilson climatology (Roemmich and Gilson 2009) . The Argo product uses the nearest 100 Argo profiles to estimate monthly temperature and salinity with depth at each degree of latitude and longitude from 2004 to present. Ocean temperatures from the World Ocean Circulation Experiment (WOCE) repeat high-resolution PX34 line between Wellington and Sydney were used to examine temperature changes in the upper 800 m of the Tasman Sea (Fig. 1) . The transect is sampled about four times a year with XBTs deployed from container ships.
New Zealand air temperatures were compared with sea surface temperatures using the New Zealand sevenstation temperature anomaly (NZT7). The NZT7 is calculated by subtracting the 1981-2010 temperature averaged over the seven stations (Auckland, Masterton, Wellington, Nelson, Hokitika, Lincoln, and Dunedin; Fig. 1 ) from the monthly average of the seven stations (Folland and Salinger 1995; Mullan et al. 2010 ). The monthly anomalies were low-pass filtered to compare with the ocean temperatures.
2) CLIMATE INDICES AND SEA SURFACE HEIGHT
Interannual variations in the sea surface and air temperature records were compared to changes in the equatorial Pacific by correlating with the Southern Oscillation index. Monthly values of the SOI, calculated from the difference in atmospheric pressure between Tahiti and Darwin, were obtained from the Australian Bureau of Meteorology and divided by 10.
SSH anomalies were used to investigate the adjustment of sea level around New Zealand. The mapped sea level anomalies (MSLAs) were obtained from AVISO (Ducet and LeTraon 2000) and use all available altimeter observations from October 1992 to April 2016. Aliasing of the M2 tide was removed from the anomalies by averaging over the alias period. Absolute surface geostrophic velocities from the same time period were also obtained from AVISO to estimate the contribution of geostrophic ocean flow to the upper-ocean heat balance.
3) ATMOSPHERIC AND OCEANIC REANALYSIS
PRODUCTS
The transfer of heat and momentum between the atmosphere and ocean was estimated using the Japanese 55-Year Reanalysis (JRA-55) fluxes (Kobayashi et al. 2015) . The net radiative and turbulent heat fluxes were compared to the change in temperature at Leigh. The JRA-55 momentum fluxes are used to estimate changes in the South Pacific wind stress and Ekman pumping. Heat fluxes from the OAFlux project (Yu and Weller 2007) , which combines satellite and surface meteorology to better estimate surface fluxes, are also compared to the other heat fluxes at Leigh and the temperature change at Leigh.
The terms in the heat balance from the Estimating the Circulation and Climate of the Ocean (ECCO) ocean state estimate version 4 (Forget et al. 2015) were used to diagnose the upper ocean heat budget in the Tasman Sea between 1992 and 2011. The ECCOv4 solution brings the atmospheric reanalyses and ocean observations into consistency with the model equations [from the Massachusetts Institute of Technology GCM (MITgcm)] by adjusting the initial ocean conditions, atmospheric forcing, and subgrid parameters iteratively. The resulting model outputs are consistent with the ocean observations within a certain error, and all the heat and momentum budgets are closed. The initial atmospheric fluxes in the ECCOv4 reanalysis are the ERA-Interim reanalysis; the final fluxes have been adjusted to be more consistent with the ocean observations. The GECCO2 ocean state estimate (Köhl 2015 ) is similar to the ECCOv4 reanalysis but extends back further in time and uses the NCEP atmospheric reanalysis as the initial fluxes. There are fewer measurements constraining the ocean state estimate prior to the 1990s when the XBT lines and satellite altimeter measurements began. For that reason, we use the GECCO2 reanalysis only to compare with the temperatures at Leigh.
b. Analysis
1) THE UPPER-OCEAN HEAT BALANCE
We investigate the upper-ocean heat balance in two ways: we estimate the terms in the heat balance using observations and we also examine the terms in the heat balance from an ocean state estimate.
The heat balance at a point can be expressed as the sum of temperature tendency and advective and diffusive fluxes on the left side and sources and sinks of heat on the right side:
where T is temperature, r and c p are the density and heat capacity of the water, respectively, and q is a source of heat. The exchange of heat by turbulent fluctuations is expressed with a vertical diffusivity (k z ), and only the vertical turbulent diffusion terms have been retained.
Integrating from the surface down to a fixed depth h, gives a heat balance for the upper ocean:
The left side is the tendency of the upper-ocean heat content, which is due to the convergence of horizontal heat transport in the upper ocean (first term on the right side); the vertical advection and diffusion of heat (second term); and the sources and sinks of heat, Q, from interaction with the atmosphere. We use the air-sea heat flux at the surface and assume all the radiative fluxes are contained within the depth of the integration. Summed together, the horizontal and vertical advection of heat constitute the ocean heat transport convergence in the upper layer of depth h.
Ideally, we would like to integrate over an upper-layer depth that describes the interannual variation of ocean heat content available to the atmosphere. Previous studies use the maximum depth of the seasonal mixed layer (Roberts et al. 2017) , and we use the same criteria for the heat balance from the ECCOv4 reanalysis. We integrate over the top 250 m, a depth that contains the entire mixed layer over the region. At 250 m, vertical diffusion is small and we can focus on the contribution of advection to the upper-ocean heat content.
We also examine the contributions of surface heat flux and convergence of heat transport individually to the upper-ocean temperature by integrating these terms separately with time, assuming constant values for c p and r:
For the heat balance derived from observations, the only available temperature for the upper ocean is the sea surface temperature. For that reason, we integrate over the top 70 m, which is the average mixed layer depth from the Ifremer climatology (de Boyer Montgut et al. 2004) , and use the sea surface temperature as representative of the temperature over that depth. This choice is consistent with other studies of the interannual upper-ocean heat balance from observations such as those of Verdy et al. (2006) . We calculate the contribution of Ekman transport and geostrophic currents separately, using the geostrophic velocities and the Ekman transport from the wind stress: u 5 u Ek 1 u Geo .
For both the observations and the ECCOv4 analysis, the interannual anomaly of each term was created by subtracting the average monthly value of each term from the monthly values. The monthly anomalies were then low-pass filtered using a cosine filter with a half period of 13 months.
2) BAROTROPIC ROSSBY WAVE MODEL
The winds across the South Pacific are used to estimate the sea level changes due to the arrival of barotropic Rossby waves along the east coast of New Zealand. Barotropic Rossby waves travel quickly across the Pacific (in days to weeks) and a steady-state Sverdrup balance (Frankignoul et al. 1997 ) is used to derive sea level from monthly JRA-55 wind stress:
where x e and x w are the locations of the eastern and western boundaries of the South Pacific respectively and H is the mean depth of the ocean basin, taken here as 4000 m. Integrating the sea level anomaly from the southern to northern extent of New Zealand (488-358S) and low-pass filtering gives an estimate of the sea level change due to the arrival of wind-driven barotropic Rossby waves. The time dependence of the sea level is proportional to the wind stress curl. It differs from the Island Rule transport (Godfrey 1989) only by the additional Ekman transport between New Zealand and South America. Neglecting the time-dependent term is appropriate for the rapid movement of barotropic Rossby waves and the adjustment of sea level and the thermocline by coastally trapped waves, which move around the country within a few months (Hill et al. 2011 ).
3) CORRELATIONS AND SIGNIFICANCE
All correlations reported have been taken after removing trends from both time series. The significance of the correlations is reported using a p value associated with the correlation coefficient and the degrees of freedom. The degrees of freedom are found by dividing the length of the time series by an integral time scale, which was estimated from the autocovariance function of each time series by integrating to the first zero crossing and dividing by the value of the autocovariance at the origin (Emery and Thomson 2001) .
Sea surface temperatures at Leigh
Temperatures at Leigh (Fig. 2) vary interannually with a standard deviation of 0.58C. The variations in ocean temperatures are highly correlated with the New Zealand T7 air temperature anomalies (r 5 0:86; p , 0:001). Both air and ocean temperatures are significantly correlated with the SOI (r 5 0:66; p , 0:001 for sea and r 5 0:49; p , 0:001 for air; Fig. 2 ), which suggests both are responding to large-scale changes in the atmosphere and ocean. The e-folding time scale of the SST autocorrelation function is 3.5 months, similar to e-folding time scales of midlatitude SST in other studies (Deser et al. 2003) .
Temperature anomalies at Leigh are highly correlated with ocean temperatures over a wide region around New Zealand. Annual anomalies at Leigh vary coherently with the annual anomalies of satellite sea surface temperatures over a large area of temperatures in the southwest Pacific (Fig. 3) and correlations of the monthly anomalies have similar magnitudes and patterns. The high correlations suggest SST at Leigh and a large area of ocean surrounding New Zealand are responding to the same large-scale processes in the atmosphere and ocean.
The high correlations between temperatures at Leigh, which is on the east coast of New Zealand, and the temperatures along the west coast of New Zealand suggest that coastal upwelling has little influence on the SST at Leigh. The same wind direction would cause the opposite response in coastal upwelling or downwelling on the east coast versus the west coast of New Zealand, which would lead to poorly or negatively correlated SST between the two coasts. Previous studies link SST variations along the NE New Zealand shelf to local Ekman transport (Sharples 1997) , modulated by the ENSO variations in the alongshore wind stress (Zeldis et al. 2004). However, we also examined the daily temperature data and could find no correspondence between alongshore winds and temperature changes at Leigh, even at shorter times of a day to weeks.
One possible reason for the correlation of temperature over a wide geographic region around Leigh is that temperature may be largely driven by the exchange of heat between the atmosphere and ocean. To examine this at Leigh, Fig. 4 shows the interannual heat flux anomaly from the JRA-55 reanalysis, the ECCOv4 reanalysis, the GECCO reanalysis, and the OAFlux project, all averaged over two degrees of latitude and longitude around Leigh. The tendency of upper-ocean heat content at Leigh is found by taking the tendency of the low-pass filtered, seasonal anomaly temperatures (Fig. 4, blue line) and multiplying by rc p h, where h is 70 m (the mean mixed layer depth in the northern New Zealand area). The tendency of upper-ocean heat content is not significantly correlated with any of the heat fluxes. There is considerable variation in the different heat flux products, suggesting large uncertainty in determining the actual value of air-sea heat flux.
The temperature at Leigh is also compared to the arrival of barotropic Rossby waves to examine potential connections between sea surface temperature and ocean adjustment around New Zealand (Fig. 5) . The arrival of barotropic Rossby waves is highly correlated with the Leigh temperatures (r 5 0:64; p , 0:001) and with the SOI (r 5 0:55; p , 0:001). This correlation suggests there may be a connection between the arrival of barotropic waves and adjustment of the thermocline around the country. However, an examination of the heat balance is required to understand the role of each term in the interannual temperature variations at Leigh and the surrounding region (Fig. 3) . Since Leigh is adjacent to the strong East Auckland Current, we investigate the heat balance in the eastern Tasman Sea where temperatures are highly correlated with those at Leigh.
The upper ocean heat balance in the eastern Tasman Sea
We first examine the upper ocean heat balance directly from observations in a 58 3 58 region in the eastern Tasman Sea (358-408S, 1678-1728E; see dotted box in Fig. 3) . Terms in the heat budget of the upper 70 m from the observations show that temperature tendency and air-sea heat flux are usually the largest terms and correlated with each other (Fig. 6, upper panel) . Advection of heat by Ekman and geostrophic currents are smaller. As noted by Ummenhofer and England (2007) , the Ekman transport does not have the right phase to drive the temperature changes. Local vertical velocities from Ekman pumping, calculated from the wind stress curl, are not clearly related to changes in temperature (Fig. 6) . Wind stress magnitude anomaly over the region is not highly correlated with temperature tendency (Fig. 6, lower panel) , suggesting that wind-driven changes in vertical mixing or latent heat flux are not primarily responsible for the temperature changes. Thus, from the terms that can be calculated directly from observations, only the air-sea flux appears to be a likely dominant driver. The heat balance from the ECCOv4 ocean state estimate is closed, which allows an investigation of all of the terms in the heat balance, including the total contribution of ocean heat transport convergence. The heat budget over the entire eastern Tasman Sea ( Fig. 3 ; solid box), where subsurface observations from the XBT line constrain the ocean state estimate, shows that advection by the horizontal and vertical velocities is the largest contribution to changes in heat content (Fig. 7, upper  panel) and that the horizontal and vertical advection are anticorrelated with each other. The ocean heat transport convergence can be found by summing the terms and comparing with the surface heat flux and upper-ocean heat content tendency (Fig. 7, lower panel) . The contribution of each term to the temperature anomaly is found by integrating each term as shown in Eqs. (4) and (5) (Fig. 8) . The contribution to the temperature anomaly by ocean heat transport convergence is often larger than the surface heat flux: the standard deviation of the tendency, convergence, and surface heat flux terms are 8, 6, and 5 W m
22
, respectively. The contribution of convergence is particularly evident from 1995 to 2002, when convergence is responsible for the warm anomalies that develop.
The vertical movement of isotherms at 250-m depth, a depth below the maximum winter mixed layer depth, illustrates the convergence and divergence of heat in the upper ocean. Temperatures along the Tasman XBT line (Fig. 9) 27 m s 21 or an order of magnitude lower than the vertical velocities estimated from the ocean observations, suggesting that local Ekman pumping is too weak to cause the movement of the isotherms.
To gauge the potential contribution of fluctuating vertical velocities to the upper-ocean heat budget over the South Pacific, the standard deviation of the vertical heat advection is plotted from the ECCOv4 ocean state estimate a depth 50 m below the maximum seasonal mixed layer depth at every location (Fig. 10) . The vertical advection of heat is large in regions with more mesoscale activity (the East Australian Current, the confluence region south of Chatham Rise and the South Equatorial Current region), but also in regions of highly sloping bathymetry, such as the New Zealand continental shelf and the Kermadec Ridge. These regions are where vertical advection of heat can potentially contribute to the evolution of upper ocean temperatures.
Summary discussion
We have investigated the causes of interannual variability of sea surface temperature in the southwest Pacific and find no evidence for a single mechanism dominating the heat balance. Horizontal advection of heat alone does not explain the temperature variations. Neither Ekman nor geostrophic currents are the largest terms in the heat balance of the Tasman Sea (Fig. 7) . Ummenhofer and England (2007) also noted that Ekman transport was too small in magnitude and of the wrong phase to explain interannual variations in temperature. The horizontal advection of heat by boundary currents is unlikely to explain the interannual variability of temperature around New Zealand, as it has in studies of the temperatures near the east coast of Australia (Hill et al. 2008; Wu et al. 2012; Oliver and Holbrook 2014) . Temperature is highly correlated on both the western and eastern sides of the North Island of New Zealand (Fig. 3) , wind stress curl over the South Pacific does not explain changes in East Auckland Current transport near Leigh (Stanton 2001) , and currents off the west coast of the North Island are very weak in magnitude and fluctuate in direction (Sutton and Bowen 2011) .
The heat flux between the atmosphere and the ocean clearly plays a role in the interannual variability of sea surface temperature in the region. Air-sea fluxes from the ECCOv4 upper-ocean heat balance are the largest contribution to the temperature anomaly in some years (Fig. 8) . However, as Fig. 4 shows, estimates of heat fluxes vary considerably between the ocean reanalyses (ECCOv4 and GECCO), atmospheric reanalyses (JRA-55), and a product that includes more surface observations (OAFlux). Although the heat fluxes within ECCOv4 are consistent with the ocean observations and underlying model equations, there are clearly large uncertainties in determining the actual values of the flux.
We suggest that ocean heat transport convergence is playing a significant role in the upper-ocean heat balance (Fig. 8) and that it is related to large changes in the temperature at depth in the Tasman Sea along the XBT line. These results are consistent with previous studies: Sutton et al. (2005) note that deep and surface temperatures vary together along the PX34 XBT line, and Sprintall et al. (1995) suggest that a divergence of geostrophic flow in the Tasman Sea in the early 1990s ''preconditions'' the mixed layer for cooler temperatures. Surface temperatures are modified by deeper temperatures whenever water below the mixed layer is entrained into the mixed layer by vertical velocities or vertical mixing. While vertical velocities associated with Rossby and Kelvin waves vanish at the surface, the mixed layer extends tens of meters below the surface where vertical velocities are not zero. Vertical advection is likely to contribute to the signature of Rossby waves in ocean color observations by injecting nutrients into the mixed layer (Charria et al. 2006 ) and may also contribute to propagating features in sea surface temperatures observed in all the ocean basins (Hill et al. 2000) .
We suggest that ocean heat transport convergence may be due to the adjustment of the thermocline around New Zealand from the arrival of wind-driven barotropic Rossby waves, as described in simulations by Hill et al. (2011) . To investigate how widespread the movement of the thermocline is over the region, temperatures between 300 and 400 m from the Argo data near 418S, 1668E, a location near the Tasman XBT line, are annually averaged and correlated with temperatures at the same depths around New Zealand (Fig. 11) . Correlations of annually averaged temperatures at the same depths from ECCOv4 also show the thermocline in the Tasman Sea and off northeast New Zealand moves coherently (Fig. 11) . Although from relatively short time series, the correlations are consistent with large-scale movement of the thermocline in the subtropical water around New Zealand. Sea level observations also show large-scale adjustment around the country consistent with the model simulations of Hill et al. (2011) . Sea level at 368S, 1758E, a location near Leigh, is highly correlated with sea level over a region largely coincident with the 1000-m isobath (Fig. 12) , consistent with the propagation of coastal trapped waves around the country. Six months later the highest correlations are in the Tasman Sea to the west of the country. Westward propagation with phase speeds of a few cm s 21 are evident in sea level anomalies in the Tasman Sea and in the PX34 XBT temperatures, consistent with the radiation of baroclinic Rossby waves from the western side of New Zealand as seen in simulations (Hill et al. 2011 ) and expected from boundary wave theory (Marshall and Johnson 2013) . Our results show that the role of ocean heat transport convergence in the heat balance of the upper ocean deserves further investigation. If ocean heat transport convergence is responsible for some of the correlation of interannual temperatures and arrival of barotropic Rossby waves (Fig. 5) , then this is a new mechanism for creating ENSO variability in subtropical sea surface temperatures, distinctly different from the ''imprinting'' of variability on the ocean by the atmosphere through air-sea heat flux that has been the focus of previous studies (e.g., Ciasto and England 2011; Fauchereau et al. 2003) . Ocean heat transport convergence would also contribute to ENSO variability in the fluxes of sensible and latent heat between the ocean and the atmosphere. Quantifying the movement of heat between the upper ocean and deeper ocean will be critical to future understanding of interannual sea surface temperature variability.
